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SUBJECT: Elmwood City Lake Dam (Mo. 10240) Phase I Inspection Report

This report presents the results of field inspection and evaluation of

the Elmwood City Lake Dam (Mo. 10240).

It was prepared under the National Program of Inspection of Non-Federal

Dams.

This dam has been classified as unsafe, emergency by the St. Louis

District because of conditions resulting from the separation at the

Joints of the primary (service) spillway pipe. The separation has caused

saturation and piping of the soil, the formation of a sinkhole on the

downstream toe above the pipe, and a 5-foot deep embankment slump.

In addition, it has been determined that the spillway/reservoir system of

the dam can contain only 27 percent of the Probable Maximum Flood without

overtopping and probable failure of the dam with a resultant loss of life

downstream.
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PHASE I INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam: Elmwood City Lake Dam, Missouri Inv. No. 10240

State Located: Missouri

County Located: Sullivan

Stream: Elmwood Branch Creek

Date of Inspection: August 10, 1979

Assessment of General Condition

Elmwood City Lake Dam was inspected by the engineering

firms of Consoer, Townsend, and Associates, Ltd. and Engineering

Consultants, Inc. (A Joint Venture) of St. Louis, Missouri accor-

ding to the "Recommended Guidelines for Safety Inspection of Dams".

These guidelines were developed by the Chief of Engineers, U.S.

Army, Washington, D.C., with the help of Federal and State agen-

cies, professional engineering organizations, and private engi-

neers. The resulting guidelines are considered to represent a

consensus of the engineering profession.

Based on the criteria in the guidelines, the dam is in

the high hazard potential classification, which means that loss of

life and appreciable property loss could occur in the event of

failure of the dam. The estimated damage zone extends approxi-

mately five miles downstream of the dam. Within the damage zone

are one railroad crossing, two highway crossings and the east edge

I



of City of Milan affecting approximately ten buildings and dwel-

linps, which may be subjected to flooding, with possible damage

and/or destruction, and possible loss of life. Elmwood City Lake

Dam is in the intermediate size classification since it is less

than 40 feet high and impounds less than 50,000 acre-feet but more

than 1,000 acre-feet of water.

The major deficiency with Elmwood City Lake Dam is the

deteriorating condition of the downstream slope of the dam over-

lying the service spillway conduit. The 36-inch diameter conduit,

which serves as the service spillway is in deplorable condition.

The circumferential joints of the conduit are separated at three

locations. A large sinkhole has developed on the downstream slope

of the dam directly above the service spillway pipe. It is evident

that the sinkhole has developed as a result of soil migration into

the spillway through the separated joints. This condition gives

concern to the stability of the dam embankment in the vicinity of

the pipe.

Our hydrologic and hydraulic evaluation indicates that

the existing spillways of Elmwood City Lake Dam do not meet the

criteria set forth in the guidelines for a dam having the above

size and hazard potential. Elmwood City Lake Dam, being an inter-

mediate size dam with a high hazard potential, is required by the

guidelines to pass the Probable Maximum Flood without overtopping.

Since there is high hazard potential downstream of the dam, the

appropriate spillway design flood for this dam is the Probable

Maximum Flood. It was determined that the reservoir/spillway

system can accommodate 27 percent of the Probable Maximum Flood

without overtopping the dam. Our evaluation indicates that the

reservoir/spillway system will accommodate the 100-year flood

without overtopping.

. . .. .. .. . .. . ' . ... . . IIIJ .-



The Probable Maximum Flood is defined as the flood

discharge that may be expected from the most severe combination of

critical meteorological and hydrologic conditions that are reason-

ably possible in the region. The 100-year flood is defined as a

flood having a one percent chance of being equalled or exceeded

during any given year.

Other deficiencies noted by the inspection team were the

wave erosion on the upstream slope of the embankment near the

crest; erosion on the downstream side along the left abutment

contact; vegetation growing on the upstream slope; a need for

periodic inspection by a qualified engineer and a lack of a main-

tenance schedule. The lack of a stability and seepage analyses on

record is also a deficiency that should be corrected.

It is recommended that the owner take immediate action

to correct the deteriorating condition of the downstream slope and

the service spillway pipe. Other deficiencies should be corrected

in the near future.

Walter G. Shifrin, P.E.
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PHASE I INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

ELMWOOD CITY LAKE DAM, Missouri Inv. No. 10240

SECTION 1: PROJECT INFORMATION

1.1 General

a. Authority

The Dam Inspection Act, Public Law 92-367 of

August, 1972, authorizes the Secretary of the Army, through

the Corps of Engineers, to initiate a national program of dam

inspections. Inspection for Elmwood City Lake Dam was carried

out under Contract DACW 43-79-C-0075 between the Department of

the Army, St. Louis District, Corps of Engineers, and the

engineering firms of Consoer, Townsend & Associates, Ltd., and

Engineering Consultants, Inc. (A Joint Venture), of St. Louis,

Missouri.

b. Purpose of Inspection

The visual inspection of Elnwood City Lake Dam was

made on August 10, 1979. The purpose of the inspection was to

make a general assessment as to the structural integrity and

operational adequacy of the dam embankment and its appurtenant

structures.



c. Scope of Report

This report summarizes the available pertinent data

relating to the project; presents a summary of visual observa-

tions made during the field inspection; presents an assessment

of hydrologic and hydraulic conditions at the site; presents

an assessment as to the structural adequacy of the various

project features; and assesses the general condition of the

dam with respect to safety.

Subsurface investigations, laboratory testing, and

detailed analyses were not within the scope of this study. No

warranty as to the absolute safety of the project features is

implied by the conclusions presented in this report.

It should be noted that reference in this report to

left or right abutments is as viewed looking downstream.

Where left abutment or left side of the dam is used in this

report, this also refers to east abutment or side, and right

to the west abutment or side.

d. Evaluation Criteria

Criteria used to evaluate the dam were furnished by

the Department of the Army, Office of the Chief of Engineers,

in the publication "Recommended Guidelines for Safety Inspec-

tion of Dams", Appendix D. These guidelines were developed

with the help of several Federal agencies and many State

agencies, professional engineering organizations, and private

engineers.
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1.2 Description of the Project

a. Description of Dam and Appurtenances

It should be noted that as-built drawings are not

available for the dam or appurtenant structures. The follow-

ing description is based upon observations and measurements

made during the visual inspection and the limited design

drawings.

The dam embankment is a compacted earthfill struc-

ture. The drawings show the crest width of the dam to be 15

feet. According to field measurement the crest width is

approximately 26 feet. The elevation at the lowest point on

the dam crest is approximately 879.8 feet above M.S.L., and

the maximum height of the embankment was measured to be about

34 feet.

The downstream slope of the embankment was measured

to be IV to 3H. The upstream slope was near IV to 1H from

waterline to the dam crest. Some riprap was placed randomly

on the upstream slope. The downstream slope was covered with

grass. The crest of the dam is used as a roadway.

The geology in the vicinity of the dam and reser-

voir represents "recent" events in the geologic history of the

area. Pleistocene glaciation filled the earlier drainages cut

into bedrock and covered the surrounding hills leaving a near /

level plain. The present cycle of erosion has destroyed much

of this plain with the new valleys not necessarily correspond-

ing to the old drainages.

-3-



Nearly horizontal limestone and shale beds comprise

the bedrock in the area. It is variably mantled by 10 to 200

feet of glacial moraine locally mantled by 1 to 2 feet of

loess. In the stream valleys, reworked glacial materials

cover either bedrock or morainal deposits and are represented

topographically by flood plains and terraces.

There are two spillways for Elmwood City Lake Dam.

The service spillway is a drop inlet structure located about

125 feet to the right of the left abutment. The drop inlet

structure consists of a 10.5 foot high by 5 foot diameter

steel pipe connected to a near horizontal 36-inch diameter

steel pipe. The crest elevation of the service spillway is

approximately 874 feet above M.S.L. The 36-inch pipe is

approximately 174 feet long. The difference in elevation

between the outlet invert aUd the crest of the spillway is

about 28 feet.

The emergency spillway is an unlined excavated

channel located along the left abutment. The bottom width of

the spillway at its crest is about 80 feet. The side slopes

of the spillway are approximately IV to 14H. The crest

elevation of the spillway is approximately 877 feet above

M.S.L. The spillway discharge channel is approximately 300

feet long.

No low level drain outlet pipe is provided at the

Elmwood City Lake Dam. A domestic water supply line 12-inches

in diameter runs underneath the dam to a pumphouse located

immediately downstream of the dam. The intake to the supply

line is a flexible pipe attached to a float at the surface of

the reservoir. The water supply line does not provide an

adequate means for lowering the reservoir in case of an

emergency.

-4-



b. Location

The dam is located on a southerly flowing, inter-

mittant stream (Elmwood Branch) which joins the East Locust

Creek approximately 3/4 mile downstream of the dam. The

nearest downstream community is the City of Milan, which is

about 2 miles downstream of the dam. The main access to the

dam from Milan is north on Highway No. 6 approximately 1 mile,

then north on Highway No. 5 approximately one mile, then about

.5 mile to the dam. The dam and the lake are shown on the

U.S.G.S. Milan East Quadrangle map (7.5 minute series),

Missouri, in Section 35, Township 63 North, Range 20 West.

c. Size Classification

According to the "Recommended Guidelines for Safety

Inspection of Dams", by the U.S. Department of the Army,

Office of the Chief Engineer, the dam is classified in the dam

size category as being "Intermediate" since its storage is

more than 1,000 acre-feet but less than 50,000 acre-feet. The

dam is classified as "Small" in dam size category because its

height is less than 40 feet. The overall size classification

is governed by the larger of the two determinations and the

classification is accordingly "Intermediate" in size.

d. Hazard Classification

The dam has been classified as having "High" hazard

potential in the National Inventory of Dams, on the basis that

in the event of failure of the dam or its appurtenances,

excessive damage could occur to downstream property, together

with the possibility of the loss of life. Our findings concur

with the classification. The estimated damage zone extends

approximately five miles downstream of the dam. Within the

-5-



damage zone are one railroad crossing, two highway crossings,

and the east edge of City of Milan with approximately ten

buildings and dwellings.

e. Ownership

Elmwood City Lake Dam is owned by the City of

Milan. The mailing address is City of Milan, c/o Edward

Sayre, Water Superintendent, Milan City Hall, Milan City,

Missouri, 63556.

f. Purpose of Dam

The purpose of the dam is to impound water for

domestic water supply and recreation.

g. Design and Construction History

The Elmwood City Lake Dam was constructed in 1972

by Hardy Construction Co. of Shelbyville, Missouri. No

construction data were available from the contractor, however,

a set of design drawings was made available from the Mayor of

Milan, Mr. David Wilson.

The original design drawings were produced by

Bernard Browing, P.E., of Fulton, Missouri.

According to the water superintendent, Edward

Sayre, the original water supply intake control tower was

pushed over from the pressure of ice formations. Mr. Sayre

also stated that shortly after this occurred late in 1978 the

present intake control structure was installed.

-6-



The only other reconstruction performed was a

relocation of the emergency spillway channel to a point

further away from the left abutment after the original spill-

way channel began eroding near the dam embankment.

h. Normal Operational Procedures

Normal operating procedure is to allow the reser-

voir to remain as full as possible with the level being

controlled by rainfall, runoff, evaporation, and the elevation

of the spillway crest. Also, the rate of consumption by the

City of Milan and the surrounding community has an effect on

the reservoir level.

The water superintendent, Mr. Sayre, remarked that

the City of Milan has been obtaining all the water it needs

from the reservoir by gravity flow. He also stated that he

operates the supply pump periodically as part of the regular

maintenance check.

i
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1.3 Pertinent Data

a. Drainage Area (square miles): 6.41

b. Discharge at Damsite

Estimated experienced maximum flood (cfs): NA

Estimated ungated spillway discharge with reservoir
at top of dam elevation (cfs): 1772

c. Elevation (Feet above MSL)

Top of dam: 879.8

Spillway crest:

Service Spillway 874.0

Emergency Spillway 877.0

Normal Pool: 874.0

Maximum Pool (PMF): 883.99

d. Reservoir

Length of pool at top of dam elevation (Feet): 15,600

e. Storage (Acre-Feet)

Top of dam: 4807

Spillway crest:

Service Spillway 3131

Emergency Spillway 3940

Normal Pool: 3131

Maximum Pool (PMF): 6502

f. Reservoir Surface (Acres)

Top of dam: 330

Spillway crest:

Service Spillway 250

Emergency Spillway 290

Normal Pool: 250
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Maximum Pool (PMF): 385

g. Dam

Type: Rolled Earthfill

Crest Length: 890 feet

Structural Height: 34 feet

Hydraulic Height: 34 feet

Crest width: 26 feet

Embenkment slopes:

Downstream IV to 3H

Upstream IV to IH from crest to waterline,
remainder unknown

Zoning: Unknown

Impervious core: None according to design drawing

Cutoff: Design drawings show a cutoff trench
with a bottom width of 20 feet

Grout curtain: Unknown

h. Diversion and Regulating Tunnel None

i. Spillway

Type:

Service Spillway Drop inlet

Emergency Spillway Open channel

Length of crest:

Service Spillway 5-foot diameter drop inlet pipe with a
3-foot diameter connecting pipe

Emergency Spillway 80 feet (bottom width of the trapezoidal
channel)

Crest Elevation (feet above MSL):

Service Spillway 874

Emergency Spillway 877

J. Regulating Outlets None

-9-



SECTION 2 ENGINEERING DATA

2.1 Design

Design drawings were made available from the Mayor of

the City of Milan, Missouri, Mr. David Wilson. The seven page set

of design drawings is included as part of this report.

2.2 Construction

According to the Water Superintendent, Mr. Edward Sayre,

the dam was built in 1972 by the Hardy Construction Co. of Shelby-

ville, Missouri. No construction records or as built drawings were

available.

2.3 Operation

No operation records are available for the Elmwood City

Lake Dam.

2.4 Evaluation

a. Availability

The availability of engineering data is fair and

consists of State Geological Maps and U.S.G.S. quadrangle

sheets along with the design drawings made available for this

report. No information on design hydrology or hydraulic

design was available, nor were seepage and stability analyses

comparable to the requirements of the 'Recommended Guidelines

for Safety Inspection of Dams".

-10-
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b. Adequacy

The conclusions presented in this report are based

on field measurements, the available engineering data, past

performance and present conditions of the dam. The data

available is inadequate to evaluate the hydraulic and hydro-

logic characteristics related to the dam. Seepage and stabil-

ity analyses comparable to the requirements of the "Recom-

mended Guidelines for Safety Inspection of Dams" were not

available, which is considered a deficiency. These seepage

and stability analyses should be performed for appropriate

loading conditions and made a matter of record.

c. Validity

A set of design drawings was made available for

review. From field measurements, the dam appears to have been

constructed more or less according to the available drawings,

except for the fact that several structures have undergone

reconstruction since the initial construction in 1972. The

water superintendent, Mr. Sayre remarked that no construction

supervision was provided when the dam was originally built.
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SECTION 3: VISUAL INSPECTION

3.1 Findings

a. General

A visual inspection of the Elmwood City Lake Dam

was made on August 10, 1979. The following persons were

present during the inspection:

Name Affiliation DI sciplines

Dr. M.A. Samad Engineering Consultants, Inc. Project Engineer,

Hydraulics and

Hydrology

Harry N. Cole Engineering Consultants, Inc. Civil, Structural

and Mechanical

David J. Kerkes Engineering Consultants, Inc. Soils

Lynn Brown Engineering Consultants, Inc. Geology

Kevin Blume Consoer, Townsend & Assoc., Ltd. Civil and

Structural

Everett Baker Department of Natural Resources
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Don Sayre City of Milan

Edward Sayre City of Milan

Jim Cline Private Contractr

Specific observations are discussed below.

b. Dam

The crest of the dam is about 26 feet wide and has

a gravel road along its length. There were no cracks observed

along the crest. While no significant deviations in hori-

zontal alignment were apparent, noticeable settlement has

occurred near the right abutment and to a lesser extent near

the emergency spillway on the left abutment.

The upstream slope was near 1V to 1H and covered

with riprap from the waterline to the crest, however, it was

apparent that riprap did not extend far below the waterline.

Erosion has occurred on the upstream slope due to wave action.

Rubble concrete has been dumped to retard further erosion,

however, not all the slope has been protected in this manner.

A medium to heavy growth of vegetation as well as one young

tree also exist near the top of the upstream slope. There

were no tension cracks apparent along the upstream side of the

crest or along the slope. There was no evidence of upstream

slope movement.
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The downstream slope was measured to be approxi-

mately 1V to 3H. The slope supported a good growth of grass,

which appeared well maintained. Immediately over the service

spillway conduit, piping of the embankment material into the

conduit has resulted in the formation of a sinkhole in the

slope. Evidence that the problem is getting progressively

worse is given by the presence of five scarps within the

sinkhole. The scarps indicate that the downstream slope has

experienced movement on several occasions as a result of soil

migration into the broken conduit and the formation of a

cavity in the slope. The movement is gradually encroaching on

the crest, however, tension cracks have not yet developed

along the crest. The sinkhole was partially filled with

water, however, the water has not precipitated slope movement

downstream of the sinkhole at this time. While a few small

depressions were observed elsewhere on the downstream slope,

they are attributed to settlement and not to slope movement.

There were no cracks observed on the downstream slope or near

the downstream side of the dam crest. No seepage was observed

exiting above the toe. Standing water was observed downtream

of the toe of the slope, however, no boils or flowing seeps

were apparent. There was no brush or trees growing on the

slope and there was no evidence of burrowing animal activity.

Neither of the dam supporting abutments exhibit any

signs of past or present instability. No cracks were observed

along the abutment contacts. Some minor erosion was occurring

along the downstream contact with the left abutment due to the

lack of vegetative cover, however, no erosion was observed

along any other contacts.
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According to the "Missouri General Soil Map and

Soil Association Descsription", 1979, published by the Soil

Conservation Service, the materials in the general area of the

dam belong to the soil series of Weller-Keswick-Lindley-

Mandeville in the Central Mississipi Valley Wooded Slopes

Forest. The soils are basically formed from loess, glacial

till and weathered shale. The permeability of the soils range

from slow to moderate.

No bedrock is exposed at the dam. Glacial moraine,

consisting of a clay silt with some 3and and fine gravel,

crops out on the east side of the emergency spillway. The

right abutment and reservoir valley slopes are covered by

grasses which effectively masks the moraine. Soil development

occurs on these slopes as well as on the flood plain down-

stream of the dam.

c. Appurtenant Structures

(1) Spillway

The service spillway is a drop inlet structure with

a vertical 5-foot diameter steel pipe inlet and 36-inch

diameter connecting steel conduit. The 36-inch conduit has

separated in three locations. At a point about 42 feet from

the outlet end the pipe has undergone a displacement in the

horizontal direction of about 1-inch and about 1/2-inch in the

vertical direction. The second break is located about 62 feet

from the outlet end and exhibits a horizontal displacement of

about 3-inches and vertical displacement of about 1-inch. The

last break is located about 82 feet from the outlet end and

has undergone about 1-inch horizontal displacement and 1-inch

vertical displacement. The intake to the spillway is equipped

with a trashrack and an anti-vortex device. The spillway was
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discharging iess than 1/2 cfs at the time of the inspection.

The emergency spillway is located on the left

abutment and is about 80 feet wide and approximately 300 feet

long. The spillway channel supports a medium to light growth

of grass. No significant erosio, was noted in the spillway.

(2) Outlet Works

The outlet is a domestic water supply line which is

a 12-inch diameter ductile iron pipe passing through the

central part of the dam nearly 35 feet below the dam crest.

The intake is attached to a float in the reservoir which in

turn is connected to the supply line by a flexible pipe about

32 feet below the dam crest. This supply line does not

provide an adequate means of lowering the reservoir in case of

an emergency.

d. Reservoir Area

The water surface elevation was approximately 874

feet above MSL on the day of inspection.

The reservoir rim is gently sloped and no indica-

tion of instability or severe erosion was readily apparent.

The slopes above the reservoir are heavily grassed. A few

houses are built around the reservoir rim.

e. Downstream Channel

The service spillway discharges into a small pond

immediately downstream of the dam. A small stream flows from

the pond. The emergency spillway discharges into a small

natural valley then flows into Elmwood Branch treek.

-16-
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3.2 Evaluation

The following deficiencLs were observed which affect

the safety of the facility and require immediate corrective action.

1. The damage to the existing service spillway jeopardizes

its intended function and its structural integrity.

2. The cavity developing in the downstream slope of the dam

embankment above the spillway conduit and resultant

collapse of the embankment slope into the cavity due to

the migration of embankment material into the damaged

service spillway conduit, poses an immediate danger to

the safety of the dam.

Of a less serious nature are the following deficiencies:

I. Erosion of the upstream slope of the dam embankment near

the crest and the erosion on the downstream side of the

embankment along the left abutment contact, if allowed to

continue, could jeopardize the structural stability of

the embankment.

2. Vegetation on the upstream embankment slope, if allowed

to continue to grow, could jeopardize the safety of the

dam embankment. The root system of heavy vegetation

makes potential avenues for piping through the embankment

which in turn could affect the stability of the dam.

-17-



SECTION 4: OPERATIONAL PROCEDURES

4.1 Procedures

Elmwood City Lake Dam is used primarily for storage of

domestic water and recreation. The water used by the City of Milan

and the surrounding community is obtained by gravity flow from the

reservoir through the 12-inch suppy line. A pump is provided in

the water supply line near the downstream toe of the dam to operate

in case of a pressure drop in the line. No operation is required

for the spillway. The city water superintendent periodically

checks the reservoir level, and if the intake apparatus needs to be

lowered to maintain proper flow conditions, it is done manually

with the winch provided on top of the floating platform.

4.2 Maintenance of Dam

The dam and the appurtenant structures are maintained by

the City of Milan. Periodic checks are made by City personnel.

Maintenance to the dam is performed by the City personnel on "as

needed" basis.

There are no trees or shrubs growing on the downstream

slope or crest of the structure. There was one very small tree

noticed growing through the riprap near the right abutment on the

upstream slope.

There is at this time, a problem with the service

spillway pipe which is causing distress in the downstream slope of

the embankment above this pipe. The City is considering corrective

measures for the deteriorating condition of the spillway and the
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downstream slope of the embankment.

4.3 Maintenance of Operating Facilities

The only facilities at the damsite which can be operated

are the 12-inch gate valve and a vertically mounted centrifugal

pump located in the pumphouse near the toe of the dam. According

to the water superintendent of the City of Milan, the pump has

never been used to deliver water for municipal use. It is, how-

ever, periodically checked to insure that it is operable.

4.4 Description of Any Warning System in Effect

No warning system is in effect at this time, however, a

system is presently being developed by the Department of Natural

Resources and the City of Milan.

4.5 Evaluation

The condition of the spillway pipe and consequent

distress in the downstream slope of the embankment present a

serious stability problem with the dam.

The crest and the downstream slope of the dam appear to

be adequately maintained. The riprap on the upstream slope should

be improved. The vegetation growing in the emergency spillway

discharge channel should be controlled.
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SECTION 5: HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. Design

The watershed of the Elmwood City Lake Dam upstream

from the dam has an area of approximately 4100 acres. Most of

the watershed area is pasture and meadow land with about 10

percent forest cover. Land gradients in the higher regions of

the watershed average roughly 10 percent, and in the lower

areas surrounding the reservoir average about 6 percent. The

Elmwood City Lake Dam Reservoir is located on Elmwood Branch

Cr-e', which joins East Locust Creek about 3/4 mile downstream

of the reservoir. At its major axis, the watershed is ap-

proximately 3-1/2 miles long. A drainage map showing the

watershed area is presented as Plate 1 in Appendix B.

Evaluation of the hydraulic and hydrologic features

of Elmwood City Lake Dam were based on criteria set forth in

the Corps of Engineers' "Recommended Guidelines for Safety

Inspection of Dams", and additional guidance provided by the

St. Louis District of the Corps of Engineers. The Probable

Maximum Flood (PMF) was calculated from the Probable Maximum

Precipitation (PMP) using the methods outlined in the U.S.

Weather Bureau Publication, Hydrometeorological Report No. 33.

The probable maximum storm duration was set at 24 hours, and

storm rainfall distribution was based on criteria given in the

Corps of Engineers EM 1110-2-1411 (Standard Project Storm).

The Soil Conservation Service (SCS) method was used for

deriving the unit hydrograph, utilizing the Corps of Engi-
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neers' computer program HEC-I (Dam Safety Version). The unit

hydrograph parameters are presented in Appendix B. The SCS

method was also used for determining the loss rate. The

hydrologic soil group of the watershed was determined from

published soil maps. The hydrologic soil group of the water-

shed and the SCS curve number are presented in Appendix B.

The curve number, the unit hydrograph parameters, the PMP

index rainfall and the percentages for various durations were

directly input to the HEC-l (Dam Safety Version) computer

program to obtain the PMF hydrograph. The computed peak

discharges of the PMF and one-half of the PMF are 31,527 cfs

and 15,763 cfs, respectively.

Both the PMF and one-half of the PMF inflow hydro-

graphs were routed through the reservoir by the Modified Puls

Method also utilizing the HEC-1 (Dam Safety Version) computer

program. The reservoir was assumed at the service spillway

crest level at the start of the routing computation. The peak

outflow discharges for the PMF and one-half of the PMF are

25,882 cfa and 10,988 cfs, respectively. Both the PMF and

one-half of the PMF when routed through the reservoir result

in overtopping of the dam.

The size of physical features utilized to develop

the stage-outflow relation for the spillways and overtop of

the dam were determined from field notes, and sketches,

prepared during the field inspection. The reservoir stage-

capacity data were based on the U.S.G.S. Milan East Quadrangle

topographic map (7.5 minute series). The combined spillways

and dam overtop rating curve and the reservoir capacity curve

are presented in Plates 2 & 3 respectively, in Appendix B.
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From the standpoint of dam safety, the hydrologic

design of a dam must aim at avoiding overtopping. Overtopping

is especially dangerous for an earth dam because of its

erosive characteristics. The safe hydrologic design of an

embankment dam requires a spillway discharge capability, in

combination with an embankment crest height that can handle a

very large and exceedingly rare flood without dam overtopping.

The Corps of Engineers design dams to safely pass

the Probable Maximum Flood that could be generated from the

dam's watershed. This is the generally accepted criterion for

major dams throughout the world, and is the standard for dam

safety where overtopping would pose any threat to human life.

Accordingly, the hydrologic requirement for safety for this

dam is the capability to pass the Probable Maximum Flood

without overtopping.

b. Experience Data

It is believed that records of reservoir stage or

spillway discharge are not maintained for this site.

c. Visual Observations

Observations made of the spillway during the visual

inspection are discussed in Section 3.1c(1) and evaluated in

Section 3.2.

t
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d. Overtopping Potential

As indicated in Section 5.1a, both the Probable

Maximum Flood and one-half of the Probable Maximum Flood, when

routed through the reservoir, resulted in overtopping of the

dam. The peak outflow discharges for the PMF and one-half of

the PMF are 25,882 cfs and 10,988 cfs, respectively. The PMF

overtopped the dam crest by 4.19 feet and one-half of the PMF

overtopped the dam crest by 2.17 feet. The total duration of

embankment overflow is 10.50 hours during the PMF, and 6.88

hours during one-half of the PMF. The maximum capacity of the

spillways with the reservoir at top of dam elevation is 1772

cfs. The spillways and the reservoir of Elmwood City Lake Dam

are capable of accommodating a flood equal to approximately 27

percent of the PMF just before overtopping the dam. The

spillway/reservoir system of Elmwood City Lake Dam will

accommodate the 100-year flood without overtopping.

The failure of the dam could cause extensive damage

to the property downstream of the dam and possible loss of

life. The estimated damage zone extends approximately five

miles downstream of the dam. Within the damage zone are one

railroad crossing, two highway crossings and the eastern part

of Milan where approximately ten buildings and dwellings are

located.
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SECTION 6: STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations

Depressions observed on the crest and downstream

slope of the dam, exclusive of the sinkhole over the service

spillway conduit, are in all probability the result of settle-

ment and not indicative of slope movement. The sinkhole over

the service spillway conduit is the result of a cavity which

formed in the slope as embankment material migrated into a

break in the conduit. Evidence that the condition is growing

progressively worse is given by the presence of five scarps in

the slope indicating continual piping. There is no reason to

believe that the situation will improve, therefore, continued

sloughing will occur as the cavity enlarges. At the time of

the inspection, however, there were no tension cracks apparent

along the crest above the sinkhole. The uppermost portion of

the sinkhole was about 25 feet from the crest as measured

along the slope. Standing water was observed in the sinkhole

at the time of the inspection.

No seepage was observed on the downstream slope

above the toe. Standing water was observed along the toe of

the slope, however, no boils or flowing seeps were observed.

The erosion of the upstream slope on the right side

of the dam was not serious enough to constitute an unsafe

condition. Nevertheless, steps should be taken to repair

existing damages and prevent further occurrences. The erosion
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along the left abutment contact downstream is of a less

serious nature.

The spillway conduit has separated in three loca-

tions. At a point about 42 feet from the outlet, the pipe has

undergone a horizontal displacement of about i-inch and

vertical displacement of about 1/2-inch. A second break is

located about 62 feet from the outlet and exhibits a hori-

zontal displacement of about 3-inches and a vertical displace-

ment of 1-inch. Another break is located about 82 feet from

the outlet and has undergone about 1-inch horizontal displace-

ment and 1-inch vertical displacement. j

b. Design and Construction Data

No design computations were uncovered during the

report preparation phase. Seepage and stability analyses

comparable to the requirements of the "Recommended Guidelines

for Safety Inspection of Dams" were not available. Likewise,

no embankment or foundation soil parameters are available for

carrying out a conventional stability analysis on the embank-

ment. No construction data or specifications relating to the

degree of embankment compaction are available for use in a

stability analysis.

c. Operating Records

No operating records are available relating to the

stability of the dam or appurtenant structures. The water

level in the reservoir remains close to full at all times. No

regulating outlet works exists at the damsite.
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d. Post Construction Changes

The emergency spillway was reconstructed in 1978 as

a channel with a straight alignment, rather than curved as

originally constructed, to eliminate erosion problems. The

upstream dam embankment slope was riprapped above the water-

line after the reservoir had filled and some embankment

erosion had occurred.

e. Seismic Stability

The dam is located in Seismic Zone 1, as defined in

"Recommended Guidelines for Safety Inspection of Dams" as

prepared by the Corps of Engineers, and therefore, does not

require a seismic stability analysis.
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SECTION 7: ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment

The assessment of the general condition of the dam is

based upon available data and visual inspections. Detailed inves-

tigations, testing, and detailed computational evaluations are

beyond the scope of a Phase I investigation, however, the investi-

gation is intended to identify any need for such studies.

It should be realized that the reported condition of the

dam is based on observations of field conditions at the time of

inspection along with data available to the inspection team.

It is also important to note that the condition of a dam

depends on numerous and constantly changing internal and external

conditions, and is evolutionary in nature. It would be incorrect

to assume that the present condition of the dam will continue to

represent the condition of the dam at some point in the future.

Only through continued care and inspection can there be assurance

that an unsafe condition could be detected.

a. Safety

The Elmwood City Lake Dam has serious stability

problems and the dam is considered to be unsafe due to the

deteriorating condition of the service spillway and the

downstream slope overlying the spillway conduit.
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The 36-inch diameter conduit, which serves as the

service spillway, is in a deplorable condition and should be

abandoned immediately in order to protect the integrity and

safety of the dam. Of immediate concern is the large sinkhole

on the downstream slope of the dam. This sinkhole having a

diameter of over 25 feet is centered over the spillway about

25 feet from the downstream side of the roadway crest of the

dam. The maximum depth of the sump is about five feet.

Erosion of the embankment material into the spillway conduit

has caused the sinkhole to develop on the downstream slope of

the dam. Evidence that the problem is getting progressively

worse is apparent from the presence of five scarps within the

sinkhole. These scarps indicate that the downstream slope has

experienced movement several times. Embankment settlement is

gradually encroaching on the crest, however tension cracks

have not yet developed along the crest. The scarps show

embankment slippages of over one foot in depth.

The central part of the sinkhole is filled with

water to a depth of about two feet and easily yields to

penetration of a stick or pole. The presence of water in the

sinkhole tends to reduce the stability of the slope as a

result of seepage along the slope.

An internal inspection of the steel pipe revealed

that the circumferential joints are separated at three loca-

tions. The joints are 20 feet apart and are offset about an

inch in the vertical direction and are open from one to three

inches in the horizontal direciton. One to two inch size

rocks were exposed at one joint. The degree of erosion of the

fill about the pipe at the joints was not determined. It is

evident, however, from the sinkhole on the embankment surface,

that considerable erosion has taken place about the pipe. An

inspection at the periphery of the downstream end of the
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conduit showed dry conditions indicating that seepage or

piping along the periphery of the conduit was not taking

place. At the time of inspection, flow through the spillway

conduit was less than 1/2 cubic feet per second and the

discharge water was clear indicating no embankment erosion at

the time. It is expected, however, that considerable erosion

of embankment material about the pipe will take place when the

pipe flows near full or under pressure conditions.

Our hydrologic and hydraulic calculations indicate

that the existing spillway/reservoir system of Elmood City

Lake Dam is capable of accommodating a flood equal to approxi-

mately 27 percent of the Probable Maximum Flood without

overtopping the dam. The spillway discharge capability of

Elmwood City Lake Dam is considered to be "Seriously Inade-

quate" for a dam having a high hazard potential.

b. Adequacy of Information

Pertinent information relating to the design and

construction of the dam and appurtenant structures is lacking.

Seepage and stability analyses comparable to the requirements

of the "Recommended Guidelines for Safety Inspection of Dams"

were not available, which is considered a deficiency.

c. Urgency

The remedial measures recommended in Paragraph 7.2a

should be accomplished immediately. The items recommended in

paragraph 7.2b should be accomplished in the near future.
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d. Necessity for Phase II Inspection

Based on the results of the Phase I inspection, and

if the remedial measures recommended in Paragraph 7.2 are

undertaken, a Phase II inspection is not felt to be necessary.

7.2 Remedial Measures

The remedial measures recommended in this section should

be undertaken under the guidance of an engineer experienced in the

design and construction of earth dams.

a. Immediate Remedial Measures:

The owner should take immediate action on the

following measures in order to correct the safety problems

with the dam:

(1) The downstream residents should be warned about the

unsafe conditions at the dam and an emergency

preparedness plan should be prepared immediately.

(2) The reservoir should be lowered immediately by

several feet from the present level such that the

safety of the structure is not jeopardized by a high

water level. The reservoir should be maintained at

a low level until the remedial measures listed in

Paragraph 3 below are undertaken, at which time the

reservoir should be lowered as needed to carry out

the remedial measures.
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(3) The downstream slope should be repaired, and the

repairs may include the total removal of the spill-

way conduit and subsequent reconstruction of the

slope or the spillway may have to be taken out of

service. The appropriate course if action for

repairing the downstream slope and to correct the

problems with the spillway conduit should be deter-

mined by an engineer experienced in the design and

construction of earth dams.

(4) A new service spillway should be constructed for the

dam before the reservoir is filled. The combined

discharge capability of the service spillway and the

emergency spillway, in combination with the embank-

ment crest height should be sufficient to handle the

probable maximum flood.

b. The remedial measures which are of a less urgent

nature are:

(1) Monitor the erosion on the upstream embankment slope

and make repairs as required.

(2) Monitor the erosion on the downstream side along the

left abutment contact and make repairs as required.

(3) Remove the vegetation growing on the upstream slope.

(4) Perform seepage and stability analyses for the dam

embankment after developing reliable design para-

meters.
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(5) The owner should initiate the following programs:

a. Periodic inspection of the dam by a profes-

sional engineer experienced in the design and

construction of earthen dams.

b. Set up a maintenance schedule and log all

visits to the dam for operations, repairs and

maintenance.
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Elmwood City Lake Dam

D1. - View of upstream embankment slope.

D2. - View of downstream embankment slope.

D3. - Erosion on upstream embankment slope.

D4. - View of inlet of the service spillway.

D5. - View of outlet of the service spillway and
the sinkhole overlying the spillway pipe.

D6. - Closeup view of the outlet of the service
spillway.

D7. - View of the discharge pond of the service

spillway.

D8. - View of the separation of service spillway

pipe joint closest to the inlet.

D9. - Closeup view of joint separation depicted

in Photo D8.

DIO. - View of emergency spillway from left
abutment.

DlI. - View of the sinkhole overlying the service
spillway pipe on the downstream embankment
slope.

D12. - Standing water in the sinkhole.

D13. - View of slope movement above the sinkhole.

D14. - View of pumphouse immediately downstream
of the dam.

D15. - Inside view of the pumphouse.

D16. - View of the intake to the water supply
line.
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